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The problem of lead poisoning needs little introduetion to conserva- -
tionlsts concerned nbout dwindling populntions of wild waterfowl and
the perpetuation of wildfowling, For more than a century, it has been
known thnt waterfowl will die after ingesting lead shot picked up
from the bottoms of shallow lnkes, ponds, and murshes. Major losses
have been well documented for nearly four deendes, but most water-
fowl that die from lead poisoning are probubly never unoted, The
annual morlality due to this malady is difficult to estimate but may
amount to a wastage of nearly n million North American ducks, geese,
and swans in some years. Most of these birds succumvu after the
hunting season and represent o loss of potentinl breeders, The
possibilily for incrensed lorses mounts, as some 6,000 tons of spent
shot arc.deposited on waterfowl habitat each year. Fortunately, most
shot scttles in deep water or soft bottoms out of the reach of
- waterfowl, but much cccumulates on hard, shallow bottoms of our
“diminishing wetlands. B
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The nead Tor o solntion te the fead poisonitge problem s heen
revognized by bl eunsersationists and the ammunition industey for
maty yeors. As early us 1536 there wus an atiempt to salve the
problem by making a shot of Jeatemngnesivm alloy that would
distutegente in water, Ln the varly B950', o study Jgunched by the
Hlinois Natural Histors Survey and supperted by the Ol Mathieson
Chettieal Cogporstiom pesiitedd it a0 bulletin by Frank 4. Bellrose
(1930 entitled, “Load poisoninge ax o mortality fuetor 30 waterfowt
popidations.” Beltow not only provided o thorough ghnlysis of the
problem bt pioteered in the seatel for o solution, He enpeladed that
the sotution depetded on development of o non-tosie mighstiture for
Jerad shnt. Ve of severad eandidntes thit he testd wos an anaealed
iron shey produced by Olin Mathioson amder o proprictary provess,
Thot covess was it feasible for large-senle produetion, amd the
ladwratory which deseloped it is no longer in existence. lowever,
feltrase conducted some limited shooting tests with fron shot pro.
duves] by the process and fouml that it wos almost oy effeetive as leatd
shot nt ranges up to 30 yueds. He conelnled : “Should lend poisonimg
hecome o more serious metpes to waterfowl pupuhtlimm, iron xhot
provides a possible nienns of overeuming it,”

Rvapnd years Liter, the Mississippi Flyway Couneil (1963) rocom.
mended an netion progeam to reduce waste in waterfowl popalations
nnd thereby make nore birds available for reerention, The lead
puisoning problum was given top priority and received an updated
review in the publieation, Wasted Waterfowl, Tncluded in that report
were the results of a comparative fedd testing of fron and lend shat.
The test indieated that Nwinber 2 iron shot would kill ducks as readily
ax Number 4 lead shiot 0t ranges ap to 40 yards and might vesult in
fewer eripples,

In the fall of 1966, the Sporting Arms and Amtmaition Manutae.
turers' Institute (SAAMUD) and the Burean of Sport Fisheries anu
Wildlife initioted a coopernlive resenrel offort to solve the vesing
probleny of waterfow! poisoning entived by ingested lead shot, SAAMI
financed a £100,000, Lyear study by the [inois Institute of Teehnolo-
#y (1T )—one of the untion’s oulstanding technienl resenreh orgnnt.
slions-——to find and develop a suitable substitute for lemd shot,
Promising candidates were to be tested for possible toxie effeets by the
Bureauw's Patuxent Wildlife Resenrel Center, ERorts by 11T to
render lead nontoxiv with bischemical mdditives were unsuecessful,
and n thorough review of lend alloys, protentive coctings, nnd
disintegrating zhot also proved unproductive. Again, the only promis.
ing vandidete was 1 >t jron, '

Duspite the faet that iron is the nearest practical substitute for
lead, it has been considered a rather poor replucement beenuse of
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eoertain imndoguaeies, As Baker (UGG pointed o, fead s well sulted
for shot-making in all sespreets exeept toxieity, 1t Las the high donsity
needed fur S velovity amd ererey retetition s is relitively low
in vt g easdy proesssel 2 Baosoft enough te prectade datoage to gun
barrels and ehokes; aud is relatively inert, Trotn has o densjty of 028
ha /et i s e wpuerl to 0L e Zen. ing Yor leal. fron s inex.
pensive in s tow Torm, Dt preovessing costs pes Tigh, and shot
produved From it apee norinadly so haed that gan bareels nnd cliokes
are dumaeed, Protective Lliners e contedd shot egss miniuize baceel
seratehing, but cholie defortntion still oceurs, Softiess ean be
wehioved by repeated anpecling, it this inereases the cost. Abaove
nll, however, iron has been consddered a poore substitute beenuse 18
low density wonld peesuably result in performance shorteomings-—
prarticulisrly at ramges- of more in H0 yards,

Whets t1-e research o 1UF indicated thut soft fron sy was the best
renining substitate, Lo were mnde Tor a thoroagh testing of the
vapability of iron to il ducks at various distanees, Bnghocers from
SAAMT amd Blologist « from the Patuxent Wildlife Resoareh Center
~onperatively designed and construeted a shooting Faetlity and testing
progran. to compars the killine eflieloncies of varjous shot lopds adee
vitrefully contrelled conditions,

Thiv gmper stunmarizes the prinetpal findinges of  that  testing
program.

METIODS ant MaTiniag

Guns and ammunition for the test were provided by SAAML A
12eanpe prump shotgan with 30-ineh, full choke barrel was used.
Additional bareels were provided pmd used during the test, These
bareels were pretosted to determine theie pattern performance, nnd
vieh barrel wis retived after o peeseribed amount of fiehme, Commer.
einl 12 pauge FH" 104 ounee lead Jonds in Nasnber 4 and Number 6
shot sizex wore used ns stundnrds Tor eoparison,

The ammunition industey produeed 1000 powmds of Nutnber 4 iron
shot from low enebon, supersolt wive, utilizing a process that
produces nir-rifle shot, Due to work hardness, the shot were subse.
quently nunealed to provide n nominal external hardness of 65 DPLL
This was soft enough 1o prectude the exeessive barrel dummnge expori.
enced with other jron shot Mthoupeh wtinate choke damage was 1o
untirely prevented, The nmmunition industey provided londed rounds
which would deliver the best possible performunee. These maximum.
weight, lounee iron londs contnined nhout 180 pellets, the same
wumber ng the 1%4.0unee loads of Number 4 tead shot, The 1Y-ounee
londs of Numbar 6 lead shot nveraged about 300 pellets, The iron shot
were surrounded by a polyethylene liner 0,020 inchies thick to provide
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added proteetion o the barrel, A slowbuening ball powder provide!
maXimum muzzle velwity,

A unique duek-teansport device was engineered by the amounition
industey wtid constrteted at the Patuxent Wildlife Researelr Contor,
This autmnnted shsoting device moved a tethered, wing-flappiv - duck
acruss g potitt where the monatod, preaitied gun fired o perfed)”
shol, The system consisted of o esble.putled enrringe on o 75-ft, vet of
tracks, An vleetrle motur, threngh gear reduetion nnd cluteh-brake
units, aceelerated the curringe 1o nbout 20 wph at the shuoting
position, Thieks wepe tethored 1o ap pidjustable rod mounteld on the
enrringe aml shaped as an inverted " A elose stmulation of 0
freetlyime duck. passiug o shooting position, was achieved, The
shotgun wis mounted on n movable waoden *horse® and triggered by
u selenoid netivated theough o microswiteh, Other microswitehes
beaked the carringe on forward und seturn trips, A movable control
box for the eutite Toellity was posttioned bexide the gun mount.
Nighting stokes were ereeted Far onch shooting distanee so that the
pun could be aecurately aimed prioe 1o cach shot, Standnrd 40.ineh
turgeta were shot 1o loente center of pntterns and determine positions
of sighting stakes, The tareets were ulxo used to nseure that dicks
wore ceptered 1o the pattecn prioe (o saele day of shootiog,

Gume.Turm mallards of uniform nge and closely siinilar 1o wiid
bieds in sppesrcanee gid weight were used for thiv test, Equal nums
bers of drakes nnl hens were individually weighed and banded,

The experiment ntiized » split plot dexign wherein shooting dis
tunees comprism the whole plots, nicd combinations of shot types
ami sex, aerpnged Tactorinlly, comprised the subplots. Ducks were
shot in sets of five for o given vombination of factors, The initinl test
design colled for 900 ducks to be xliot at ranges of 30, 40, and 50
vards, When it became evident that all shot louds were extremely
effective at 30 yards and thnt iren performed well nt 50 yards, the
JO-vard position was discontinued and o 62-yued position was added.
The ducks in that test were shot from n brondside position and nu
elevation ungle of abont 15°, Subsequently, 300 more ducks were shot
from a nearly head-on direetion at ranges of 40 aud 50 yards, The
testing was stavted in March, 168, and concluded in June, After the
results were tabulated and examined, additional data for intermediate
distances seetned desirable; thierefore, o supplementary tost at ranges
of 45, 65, and 05 yards was vondueted in November-December, 1968,
The results of these three tests are swmmarized together in the
accompanying tables, nlthough they have been evalunted statisticaliy
as separate entities.

The fate of ench duck was recorded cither in one of four kill
vitegories or a8 n survivor. The kill eategories were: (1) instant
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(within { minute), (2) 1 minute to & minutes, (3) 5 minutes to 1 day,
winl (4} Vaduy to J0 diuys. M dueks adive at she end of o sloting duy
were held for 10 days i pens withe fomd nmd woter, Those nlive after
10 diys wore kitled with carboh monaxide, AN carcisses were welghel,
eximined for beoken wing and leg bones minl fluoroscoped 1o obtain
vounts of embedded shot. A 1epresentative sample of ducks (630) wis
defentherad to obtain eounts uf entrnnee and exit wonnds,

[H{TH K ]

Table 1 depicts the results in eotegories whicli are based on timed
intervals after shootitng, ‘These entegories provide an objective hasis
fur compnring the kitling eMectiveness of the three shot ty:es.
However, they cannot e direetly transtated to hutiting sucress in the
field, where o duck i cither baggod, erippled anel lost, or “mixsed.”

TARLE |—KILLING BFFICIENCIES OF THREE BHOT TYEPEN EXPRENSED
AH PENCENTANEN OF QUCKH IN TIMED KILL CATEOORIEN,
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* puath within 1 nimte.

These entegories also fail 10 tuke necount of the probable fate of
ducks with broken wingy, Bellyose (1453) noted that “. . . the froe-
turing of n wing botie was the mest. important single type of wound
resulting in the bugeging of ducks,”

Pherefore, in Tuble 2, 4l ducks which died within 5 minutes plus

. those” with nt Tenst one broken wing bone nre grouped as “probably
_ bogged.” Those without broken wings are considered “lost eripples”

if they died between 5 minutes and 10 days after shooting, and
“guevivors” i in apparent good health after 10 doys. Figure 1
comipares the performunces of the three shot types at all broudside

ranges,
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Figure L=D'ereeningra of duche probably “bageed’ or “etlppial and
oal” s8¢ reewit wf ahevting with thivs :lml ‘ypre ot C.o..s.n.s. distarces sl A0 05 panls
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Statistien! ovalation of the three tests, by annlysis of varisnee,
failed 1o establish ditferenves at the § pereent level of sigmiflennee
between the pecformanee of Number 4 fron shot and Nuwmber 4 lead
shot, cither in terms of ducks *probubly bagged” or ducks “erippted
and lost.” Shooting distance provided the only highly signitleant
effect on the pereentages of ducks “probably  bagged” (I'=01),

11 111

Bhesting FLatame (Tards)

T There were o disceraible differences in vulnerability belween hens

nnl drnkees.

TANLE 2=PERCERTAGEN OF DUCKS NAQGED LY TIHREE
KHOT TYPES WITH ADJUSTMENT FOR WIKG HREARAdH.
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Dmcussios

13 lise « stinlies huve shown that the lower pellet welght of lron
whot » .1 result inon higher deceloration vate that eannot be overemne
by parenge mizzhe velovity (Baker, 196G6), Since the lowalensity iron
st Yo vhergy mare rupidly, it las adways been aasumed thot they
were et offpetive o ouger manges. This axanption has been busedl
on the fuet that o pedlet nemls suffleient energy (o petetrate n vital
nren of the daek. This is obviously trus, but the required threshahd
seenss {0 be el Jower than has been assuned. Our tests showed that
the killimge effectivencss of this soft fron shot was greater thon
antieipatid,

Tie sstie rensoningg has led to the assumption thint ot longer canges
Number 4 lead shot was more effeetive than the smoller Nuiber 6
leadd shot, Rellrese (195:3) noted that Numbor 4 shol beemine jnerens.
ingly nove offeetive tmn Number G shot as ranges ineveasal beyomd
45 yards and sttvibuted the superiority to o greater striking foree,
One tests ingivntend that Nutnhier 0 lend shot was slightly more efeetive
i baginge dlacks than either tyepe of Number 4 shot (1" = 05). This
apparent superiority of the Number 6 jead londs probably resultel
beenuse the greater numbor of 5 ellots per lond inereased the probebil.
ity of at least one pellet steiking o vital nrea,

Our study fuiled to imdieate vhnt Nomber 4 lead shot wonld bag
millnrd diteks move offeetively than Number 4 ivon shot, Athough the
pereentngen of dueks “probably hagged™ were numerienlly slightly
higher Tor the lod shot in broadside shooting for six of seven
distatiers (Migure 1), suele on eveat wonld be expeeted more than 12

pereent of the time by elnee alown if the she “wore in fact
identival, I hend-on shooting at =amges of ! 2 yurds, the
peeformaves of the twe Number 4 shot lone  » " unlly egunl
(Table 2).

Some have surmised that iron shot wonld resy ater loss of
unretrieved ceripples. The Nilo Farims test vondd, the Minsiss

sippi Plyway Couneil (1963) sigegestod that on s contrary, erip-
pling loss woull vetually be fess with e shot, sur tesis indiented
that the use of iron shot did not inerense or deer nse erippling loss,

The probability of bagging o duck, ns dedred in thix test, is o
function of range for nuy given shot type. Tn other words, the pattern
density and, therefore, the probubility of a shot pellet steiking o vital
arep on the duek, deereases ns range inevenses, Tnoour test, the likeli
hood of “bogeing™ n perfectly ventered dueke deerensed 1o less than
50 pereers < rotsge inerensed beyond 50 yurds. This supports the
frequent)y voiced admonition to duek hunters: “Tet them vome close
belore you shoot.”

r
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The killinge effeetiveness of the soft fron sliot used in this test
provides some hope for nn eventunl selution to the lead poisoning
problam in waterfowl, Unfortunately, there are some major obstacles
1o be mrmounted before a transition to iron shot is possible, The soft
iron shot used in this fest was producal by industey on n Intiorstory
basis that was slow, costly, und totally unsuituble for Inrge.seale
production. No eeonotule process far the manufnetars of soft iron sho,
is now known, SAAMIL iy sponsoring the development of much a
process by 11T and s also exploving other approaches o the probie,
Even after 8 process has been found, the consteuetion of Faellities,
procuremens of equipment, and other matters will venmin before feon
shot Lecomes avaituble for londing,

Sumasany

A ponprerative resenrch efort between the annnunition industry and
the Burean of Sport Fisherivs amed AWildtife I8 pimed at finding »
snitable non-toxie subsute for lend shot. A coptraet study by an
independent  resenrel eganization ovalunted waya of couting or
detoxifying lend shot or repluelnge it with another metal. As a result
of that study, the anly provosiog candidote 4 soft iron. Provius tests
of hard iron shot Daud stggeste 10l its kabling effeetiveness was pooe
at lotgeor rangges due to the luwer densify, (o wddition, ity hardnoss
vausd exeessive damge to shotgun burreds

A unique, antomnted shooting Cacility  was construeted at the
Patuxent Wildlife Research Center to test the kolting effectiveness of
soft iron shot under controlled conditivis. Petliered  game-fusm
mllurds were transported seross o shooting point in o manner
simulating free Hight, A microswiteh trlggered s mounted shotgun o
that cach shit was “perfeet.” A soft iron shot, in Number 4 size, was
produeed by the smmunition industry and londed In 12gmuge shells
to give optinmm bullistie performance, Commnereinl londs of lead shot
in both Number 4 and Number 6 size were useld for comparison, A
total of 2,010 Queks were shot at ranges of 30 to 65 yards and at
brandside and head-on angles in o statistiendly designed procedure.
The Tollowing data were recorded for ench duck: time until death,
brokei, wing ar leg bones, nnd number of onbedded shot, Those ducks
not kitled outright were held for 10 duys. From these data, ducks
were entegorized us “probably bagped,” “probably lest eripples” or
survivors,

The test revented 11 the killing efectivencas of this soft iron shot
was superior to its antwe o performance nnd efose fo that obtetned

with commereinl lead 1 Urining an equa. wumber of pellets,
qugiug a duele, in e el death or broken wing, was
primocily dependent . voenability of o shot striking that vital
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aren, wnd therefops o funetion of range, There was no indication that
et shot wonld result in grenter erippling toss,

Despute the apparetsy elfectiveness of thix iron shot, teaaeition (o ity
wae it woterfow! hunting is not now possibile, ‘The sampl - usad tor this
test wiuts produen! by a laboratary procedure that I unsitable for
i lietare, There i+ process Tor proadaeing soft Eron shot jn the
quantities keedel, Tndusry is doing its Best 1o resofve this problem,
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higcussioN

Ma, Toxt Evang (Hlinois): Are you I o pesition to sny shal dhe industry -

upprnlanl of the effectiveness 'st 1 you freel that there a enough informntion with
regard to iron shot that they might Le tnelined 1o neeept it 3¢ i subtable means of
minnufactare could bo found ¢

Mr. Axprews: The sl part of your question e the blig problon—a suliable
wenix of manufuetire, The sporting arins and ammgnitlon manefocturers aen
siudying the requltn of our tests o muthemptieal models, We hope wo ean loat
frw : stiot of uther alzes nnil guuges nml perhass feom that determine what the fton
shot performnatiee would Le in other thun the No. 4 lond that we tested,
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